INTRODUCTION
============

Cervical cancer (CC) is a leading cancer among women worldwide. There were an estimated 527,600 new cervical cancers and 265,700 cervical cancer-related deaths worldwide in 2012, with an age-standardized incidence rate varying from 9.9 per 100,000 in developed countries to 15.7 per 100,000 in developing countries and mortality ranging from 3.3 per 100,000 in developed countries to 8.3 per 100,000 in developing countries.^[@R1]^ Moreover, nearly 90% of cervical cancer deaths occur in developing countries, such as China.^[@R1]^ China, with a population of ∼1.37 billion, is the world\'s most populous country; the cervical cancer incidence in China is high, with ∼132,300 new cases each year, yielding a rate of ∼27 per 100,000 women.^[@R2]^ Epidemiological studies and experimental data verify that persistent human papillomavirus (HPV) infection is considered to play a key role in the development of CC.^[@R3]^ The HPV infection prevalence for all types in CC varies widely, from as high as 95% in Oceania to 88% in Asia and 79% in Africa.^[@R4]^ To date, there are \>200 HPV genotypes, which are divided into a "high-risk type," known as oncogenic, and a "low-risk type" that generally only causes benign lesions. High-risk HPV (hr-HPV) can be detected in ∼90% of high-grade cervical lesions.^[@R5]^ Cervical intraepithelial neoplasia (CIN) reflects a continuous and progressive CC process, and high-grade squamous intraepithelial lesions (HSIL) with HPV infection, can develop and progress to CC over a period of 8 to 12 years.^[@R6]^

In recent years, significant progress has been made in CC prevention, including treatments and vaccines. For high-resource countries, the most efficacious way to prevent CC is to implement organized gynecological screening programs and appropriate treatments for detected precancerous lesions. However, in developing countries, this method is not possible because of limited resources and the complexity of appropriate screening. Therefore, vaccines against HPV are a promising means of reducing the CC incidence in a cost-effective manner. To date, 2 types of prophylactic HPV vaccines,^[@R7],[@R8]^ the bivalent Cervarix^®^ HPV vaccine (which primarily prevents HPV16 and 18) and the quadrivalent Gardasil^®^ HPV vaccine (which targets HPV6, 11, 16, and 18), have been developed and are available in many countries worldwide but not in China.^[@R7],[@R9],[@R10]^ These vaccines address ∼70% of cervical cancers through protection from HPV16 and 18, which are the most common types of cervical cancer and account for approximately two-thirds of all cervical carcinomas worldwide.^[@R4],[@R5],[@R11],[@R12]^ Recently, the efficacy and immunogenicity of a 9-valent HPV vaccine targeting HPV6, 11, 16, 18, 31, 33, 45, 52, and 58 was reported. This type of vaccine prevented infection and disease related to HPV31, 33, 45, 52, and 58 in a susceptible population and generated an antibody response to HPV6, 11, 16, and 18 that was noninferior to that generated by the quadrivalent Gardasil^®^ HPV vaccine.^[@R13]^

However, the prevalence of hr-HPV infection and the reported type-specific distribution varies greatly by geographic region and ethnicity.^[@R3]--[@R5],[@R9]--[@R12]^ HPV16 is the most common infection type in patients with HSIL in all regions and among all ethnic groups; HPV58 and 52 are more common in patients with HSIL in developing and less developed countries; and HPV18, 33, and 45 are more common in patients with HSIL in more developed countries.^[@R6]^ In a retrospective cross-sectional worldwide study, the data indicated that the most prevalent HPV genotypes in CC were HPV16, 18, and 45, in decreasing order, in North America, Central South America, Africa, Asia, and Oceania.^[@R4]^ In a meta-analysis on the prevalence and attribution of HPV52 and 58 in cervical neoplasia worldwide, Chan et al found that the rates of HPV52 and 58 among cervical intraepithelial neoplasia grade 2 (CIN2), cervical intraepithelial neoplasia grade 3 (CIN3), and CC were significantly higher in Eastern Asia than in other regions worldwide.^[@R14]^ Furthermore, the data from mainland China indicated that HPV16, 18, 33, and 58 were the most common types in women with CC in Henan, central China,^15^ whereas HPV16, 58, 18, and 33 were the most prevalent types in CIN2+ (high-grade cervical lesions, including CIN2, CIN3, and CC) in women in Liaoning, northeast China^16^, and HPV16 and 58 were the most common types in CC and high-grade precancerous lesions in Chengdu, southwestern China.^[@R17]^ Another study investigating the distribution of HPV genotypes in the Eastern Inner Mongolian Autonomous Region, China, suggested that HPV16, 45, and 18 were the most prevalent genotypes in women with HSIL and CC, and that the prevalence of HPV45 were relatively higher than other regions of China and the prevalence of HPV18 in the CC of women from Mongolian was significantly higher than that in Han Chinese women.^[@R18]^

Beijing, with a population of 21.7 million, is the China\'s capital and one of its largest cities. Its population comprises 56 ethnic groups and Han Chinese, the largest ethnic group in China, accounts for 92% of the whole population. Although previous studies^[@R19]--[@R23]^ have reported the prevalence and distribution of HPV genotypes among women with cervical lesions in Beijing, China, generalization from these articles is difficult because they span different ethnicities and because patients were grouped by pathological diagnoses based on exfoliative cervical cells in some studies, or on tissues obtained through biopsy or surgery, the gold standard for the diagnosis of cervical lesions, in others. Hence, it is necessary to perform studies in Beijing, China, that are based on the gold standard.

This manuscript describes a hospital-based retrospective study on the prevalence of HPV genotypes in pathology-confirmed cervical lesions, especially high-grade cervical lesions, in Han women from 7 hospitals. This study aims to confirm the characteristics of the distribution of HPV genotypes among women in Beijing to help establish more cost-effective follow-up. It will have guiding significance for cervical cancer prevention.

MATERIALS AND METHODS
=====================

We identified patients from the medical records in the Statistics Departments and Medical Records Departments of 7 hospitals, distributed throughout 5 different regions of Beijing, China. We gathered data for patients who visited the hospitals for further diagnosis and treatment between January 2013 and July 2014. The inclusion criteria were patients (1) with cervical intraepithelial neoplasia grade 1 (CIN1) or greater, pathology-confirmed with cervical biopsy or hysterectomy or radical hysterectomy; (2) with HPV genotype testing results; (3) who were Han Chinese; (4) who had lived in Beijing for more than half a year. Cases were excluded when they met any of the following exclusion criteria: (1) re-examination after treatment of cervical lesions; (2) co-morbid endometrial lesion or ovary diseases or vaginal diseases; (3) pathological results of specimens from fractional curettage; (4) a history of cervical lesions; (5) a history of HPV infection; (6) immunocompromised condition (eg, infection with human immunodeficiency virus).

In these cases, tissue samples were collected from biopsies of colposcopy or advanced operations, including cervical conization and/or loop electrosurgical excisional procedure (LEEP) and/or hysterectomy or radical hysterectomy, performed by experienced gynecologists according to the disease stage. All specimens were evaluated by at least 2 experienced pathologists in their respective hospital\'s pathology department. CIN1, CIN2, CIN3, squamous cervical cancer (SCC), and adenocarcinoma of cervix (ACC) were diagnosed according to the standard criteria.^[@R24]^

In these cases, before colposcopy or any operation, consecutive liquid-based cervical cytology samples, obtained with a cytobrush from inside the endocervical canal and from the entire circumference of the ectocervix, were tested for 13 HPV genotypes, including HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68. The testing was based on the polymerase chain reaction (PCR) and the Taqman technique using a commercially available High-risk Human Papillomavirus Genotyping Real Time PCR kit (Shanghai ZJ Bio-Tech Co., Ltd, China), which was validated and could identify these 13 types of hr-HPV.

Patient records/information were anonymized and de-identified before analysis. This protocol was approved by the ethical review board of the 7 participating hospitals.

The overall prevalence and type-specific hr-HPV prevalence were estimated for all cases and by 8 different age groups (≤24 years, 25--29 years, 30--34 years, 35--39 years, 40--44 years, 45--49 years, 50--55 years, and ≥55 years). Binary data are presented as number and percentage to characterize the number of women with cervical lesions, age at diagnosis, the prevalence of hr-HPV, and the prevalence of simple or multiple infections. Categorical data are reported for the histopathological results of CIN1/CIN2/CIN3/SCC/ACC and the hr-HPV genotype data. The data regarding simple and multiple hr-HPV infections in the CIN1 and CIN2+ groups were analyzed with Pearson\'s *X*^2^ test. The 2-sided *P* values were calculated, and *P* *\<* 0.05 was considered statistically significant. All statistical analyses were conducted using the SPSS statistical analysis system software, version 17.0 (SPSS, Inc., Chicago, IL).

RESULTS
=======

We identified 2817 eligible patients with a mean age of 43.5 years (range, 19--79) from the medical records. Of these patients, 610 were confirmed as CIN1, and 2207 were CIN2+, including 564 cases of CIN2, 815 cases of CIN3, 766 cases of SCC, and 62 cases of ACC. Of the total patient group, 90.1% (2537/2817) were infected with at least 1 type of hr-HPV. The hr-HPV positive rates in the CIN1 and CIN2+ groups were 78.2% (477/610) and 93.3% (2060/2207), respectively; the hr-HPV positive rate was significantly higher in CIN2+ than that in CIN1 (*P* *\<* 0.001). The percentages of hr-HPV positive patients in the CIN2, CIN3, SCC, and ACC subgroups were 91.5% (516/564), 91.2% (743/815), 98.2% (752/766), and 79.0% (49/62), respectively.

The distribution of hr-HPV genotypes according to cervical lesions is shown in Figure [1](#F1){ref-type="fig"}. The 5 most common genotypes in patients with CIN1 were HPV16, 58, 52, 18, and 39. In the CIN2+ group, HPV16 was the most common genotype, accounting for 60.1% (1326/2207), followed by HPV58 (27.3%, 602/2207), HPV33 (10.0%, 221/2207), HPV52 (8.5%, 188/2207), and HPV18 (7.7%, 170/2207). The 5 most common hr-HPV genotypes were HPV16, 58, 52, 31, and 39 in CIN2; HPV16, 58, 33, 52, and 18 in CIN3; HPV16, 58, 33, 18, and 52 in SCC; and HPV16, 58, 18, 33, and 59 in ACC, in descending order. In addition, the prevalence of HPV18 in ACC was 28.6% (14/49), significantly \>7.2% (54/752) prevalence in SCC *(P* *\<* 0.001). A comparison of the prevalence of the 13 types of hr-HPV in women with high-grade cervical lesions in the present study and that reported in global statistics^[@R5]^ is presented in Table [1](#T1){ref-type="table"}, which shows that worldwide, HPV16, 31, 33, 58, and 18 were the 5 most common genotypes in women with CIN2/CIN3; HPV16, 18, 33, 45, and 31 were the 5 most common genotypes in women with CC; and HPV16, 18, 31, 33, and 58 were the 5 most common genotypes in women with CIN2+, all in descending order.

![Distribution of high-risk human papillomavirus (hr-HPV) in CIN1 (cervical intraepithelial neoplasia grade 1), CIN2 (cervical intraepithelial neoplasia grade 2), CIN3 (cervical intraepithelial neoplasia grade 3), SCC (squamous cervical cancer), ACC (adenocarcinoma of the cervix), and CIN2+ (high-grade cervical lesions, including CIN2, CIN3, SCC, and ACC) patients. ACC = adenocarcinoma of the cervix, CIN1 = cervical intraepithelial neoplasia grade 1, CIN2 = cervical intraepithelial neoplasia grade 2, CIN2+ = (high-grade cervical lesions, including CIN2, CIN3, SCC, and ACC) patients, CIN3 = cervical intraepithelial neoplasia grade 3, hr-HPV = high-risk human papillomavirus, SCC = squamous cervical cancer.](medi-95-e2555-g001){#F1}
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For all grades of cervical lesions, multiple hr-HPV infections were more common than single hr-HPV infection, and significantly more patients with CIN2+ had multiple hr-HPV infections compared with the CIN1 subgroup (38.1% and 24.9%, respectively; *P* *\<* 0.001). However, in the CIN2+group, as the cervical lesion grade increased, the prevalence of multiple hr-HPV infections gradually deceased: 44.2% of the CIN2 patients had multiple infections, compared with 36.7% of the CIN3 patients and 35.3% of the CC patients (including SCC and ACC). In addition, the rate of multiple hr-HPV infections in the ACC subgroup was 79.6%, which was significantly \>32.4% in the SCC subgroup (*P* *\<* 0.001). In the CIN2+ group, the 5 most common genotypes with simple and multiple infections were HPV16, 58, 33, 52, 18, and HPV16, 58, 18, 33, 31, respectively. Moreover, in the CIN2+ group, all hr-HPV genotypes except HPV16 were more prevalent in women with multiple infections than that those with a simple infection. The prevalences of simple and multiple hr-HPV infections according to cervical lesion grade and genotype in the CIN2+ group were detailed in Figure [2](#F2){ref-type="fig"}A and B, respectively.

![(A) Simple and multiple infections by high-risk human papillomavirus (hr-HPV) genotypes in cervical lesions; (B) simple and multiple infections by hr-HPV genotypes in CIN2+ (high-grade cervical lesions, including cervical intraepithelial neoplasia grade 2 \[CIN2\]), cervical intraepithelial neoplasia grade 3 (CIN3), cervical cancer (CC, including squamous cervical cancer \[SCC\] and adenocarcinoma of the cervix \[ACC\]) lesions. ACC = adenocarcinoma of the cervix, CC = cervical cancer, CIN2 = cervical intraepithelial neoplasia grade 2, CIN2+ = (high-grade cervical lesions, including CIN2, CIN3, SCC, and ACC) patients, CIN3 = cervical intraepithelial neoplasia grade 3, hr-HPV = high-risk human papillomavirus, SCC = squamous cervical cancer.](medi-95-e2555-g003){#F2}

Some women with CIN2+ are infected with 2, 3, 4, or 5 types of hr-HPV simultaneously. Double infections accounted for the majority of multiple infections, ∼76.6% (601/785), of those, HPV16+58, HPV16+52 and HPV16+18 were the most common combinations, with rates of 29.0% (226/785), 6.0% (47/785), and 5.6% (44/785), respectively. The most frequent combinations in double HPV infections, in descending order, were HPV16+58, HPV16+59 and HPV16+31 in the CIN2 subgroup; HPV16+58, HPV16+18, and HPV16+52 in the CIN3 subgroup; HPV16+58, HPV16+52, and HPV16+18 in the SCC subgroup; and HPV16+58, HPV16+33, and HPV16+18 in the ACC subgroup. In the CIN2+ group, 22.4% (176/785) of patients had triple hr-HPV infections; the most frequent combination was HPV16+58+31, with a rate of 4.2% (33/785). The combinations and prevalences of the hr-HPV genotypes in multiple infections for each cervical lesion group and subgroup are specified in Table [2](#T2){ref-type="table"}.

###### 

Combinations and Prevalence of High-Risk Human Papillomavirus Genotypes in Multiple Infections for Patients With High-Grade Cervical Lesions

![](medi-95-e2555-g004)

The hr-HPV prevalence in the CIN1 and CIN2+ groups by the age group is shown in Figure [3](#F3){ref-type="fig"}A, and the prevalence and distributions of hr-HPV by the age group for patients with CIN2+, CIN2, CIN3, SCC, and ACC are presented in Figures [3](#F3){ref-type="fig"}B, C, D, E and F, respectively. For all cervical lesion types, the highest positive rate was observed in the ≤24 year group; this age group accounted for 90.5% of the CIN1patients; 93.8% of the CIN2 patients; 100% of the CIN3, SCC, and ACC patients; and 96.2% of the CIN2+ patients. In the CIN1 group, the hr-HPV positive rate decreased gradually until it reached its lowest point at 40 to 44 years; and then gradually increased as the age increased; in contrast, the hr-HPV infection rates in patients with CIN2+ were similar for all age groups, with a peak at ≤24 years. Moreover, in the CIN2+, CIN3, and ACC groups, HPV16 was most prevalent among younger women (≤39 years); in contrast, HPV58 and HPV18 were most prevalent among women in the ≥50-year and 40- to 44-year groups. Younger women in the CIN2 and SCC groups were more prone to infections with HPV16, 18, and 58, with the highest prevalence in patients aged ≤24 years.

![(A) Prevalence of high-risk human papillomavirus (hr-HPV) by age group in CIN1 (cervical intraepithelial neoplasia grade 1) and CIN2+ (high-grade cervical lesions, including cervical intraepithelial neoplasia grade 2 \[CIN2\], cervical intraepithelial neoplasia grade 3 \[CIN3\], squamous cervical cancer \[SCC\], and adenocarcinoma of the cervix \[ACC\]) patients; (B) age-specific distributions of hr-HPV genotypes in CIN2+ patients; (C) age-specific distributions of hr-HPV genotypes in CIN2 patients; (D) age-specific distributions of hr-HPV genotypes in CIN3 patients; (E) age-specific distributions of hr-HPV genotypes in SCC patients; (F) age-specific distributions of hr-HPV genotypes in ACC patients. ACC = adenocarcinoma of the cervix, CC = cervical cancer, CIN2 = cervical intraepithelial neoplasia grade 2, CIN2+ = (high-grade cervical lesions, including CIN2, CIN3, SCC, and ACC) patients, CIN3 = cervical intraepithelial neoplasia grade 3, hr-HPV = high-risk human papillomavirus, SCC = squamous cervical cancer.](medi-95-e2555-g005){#F3}

DISCUSSIONS
===========

Interestingly, we found that for Han population with high-grade cervical lesions in Beijing, China, HPV16 and 58 were the most 2 common genotypes, followed by HPV33, 52, and 18, in decreasing order. This coincides in part with Zhao\'s ^[@R19]^ and Li\'s ^[@R20]^ results, in which HPV16 and 58 were the most prevalent genotypes for the general female population in Beijing. Furthermore, another recent study demonstrated that HPV16 and 58 were the most common types in women with CIN2 or CIN3 in Beijing.^[@R21]^ Moreover, a worldwide meta-analysis reported that HPV 58 and 52 were relatively more prevalent in women with CIN2+ in Eastern Asia than those in Europe, North America, and Africa.^[@R14]^

The data on the prevalence and distribution of hr-HPV genotypes in cervical lesions worldwide are vast, and HPV16 is the most prevalent genotype.^[@R3]--[@R6],[@R9]--[@R12],[@R15]--[@R21]^ However, the results for other hr-HPV genotypes varied among some other cities in China and other parts of the world. HPV16, 45, and 18 were the most prevalent genotypes among patients with HSIL and CC from the Eastern Inner Mongolian Autonomous Region, China, and the prevalence of HPV18 in CCs in women from Mongolia was significantly higher than that in Han Chinese women.^[@R18]^ For Canada women, the 3 most frequent genotypes in order of decreasing frequency were HPV16, 52, and 31 in women with CIN2; HPV16, 31, and 18 in women with CIN3; and HPV16, 18, and 45 in women with CC.^[@R25]^ In a European multicenter study, Lucia et al reported that HPV16, 33, 31, and 18 were the 4 most common hr-HPV genotypes in CIN2+ patients.^[@R26]^ In a worldwide study, HPV 16, 18, 31, 33, 35, 45, 52, and 58, in descending order, were the most common genotypes in CC patients.^[@R12]^ Our findings suggest that HPV58 plays a significant role in the development of CIN and CC in Chinese women, especially Han Chinese women in Beijing, China.

In our survey, the hr-HPV-positive rates in CIN1 and CIN2+ patients were 78.2% (477/610) and 93.3% (2060/2207), respectively, which are both a little higher than those in a multiple-center US cervical cancer screening trial (65.6% (459/701) and 88.9% (442/497) in CIN1 and CIN2+, respectively),^[@R5]^ but lower than those for women in Denmark, who had hr-HPV prevalences of 89.5%(77/86) and 99.4% (182/183) in CIN1 and CIN2+ cases, respectively.^[@R10]^ This difference may be because the prevalence of HPV-positive status also vary varies among geographic locations and populations. Moreover, the prevalence highly depends on the detection methods used, as the studies by Susanne et al ^[@R10]^ and Keith et al confirm.^[@R27]^ Moreover, we carried out a retrospective study with a large sample size in which 2207 patients with CIN2+ were enrolled. According to the overall prevalence of CIN2+ (∼0.3%) in Wright TC\'s report,^[@R5]^ finding 2207 CIN2+ patients would require screening ∼735,667 women. However, all the data in our study were collected from medical records, and these patients underwent treatment for cervical lesions instead of cervical cancer screening, which reduced our screening workload on the one hand and may have resulted in an increased positive rate of HPV infection among the population with cervical lesions compared with a screening study. Moreover, ethnicity-dependent sensitivity may be another important factor in the frequency of HPV detection.

Our data suggested that multiple hr-HPV infections were associated with an increased risk of CIN2+ compared with CIN1(38.1% vs 24.9%, *P* *\<* 0.001) and of ACC compared with SCC (79.6% vs 32.4%, *P* *\<* 0.001); however, the rates of multiple hr-HPV infections in CIN2, CIN3, and CC parents showed a decreasing trend with severity of lesions. This finding is partially consistent with the results of previous studies, in which Francois et al^[@R25]^ found that the prevalence of multiple hr-HPV infections in CIN2+ parents was 49.1% (288/587), significantly \<69.5% (323/465) in CIN1 parents; that the rates of multiple hr-HPV infections in CIN2, CIN3, and CC parents, similar to our results, declined gradually (72.2%, 61.3%, and 23.6%, respectively); and that the incidences of multiple infections were similar in patients with SCC and ACC (23.6% versus 21.0%). In a survey investigating multiple HPV infections in CC patients, Lee et al^[@R28]^ indicated that subjects infected with multiple hr-HPV types had a 31.8-fold higher risk of CC, whereas patients with single HPV infections had a 19.9-fold increased risk (*P* *\<* 0.001). Moreover, for Chinese women, Hou et al^[@R23]^ and Li et al^[@R29]^ also observed higher prevalence of multiple hr-HPV infections than simple infections in CIN2+ patients, although the difference was not significant. In contrast, the data from another study reflected no relationship between multiple hr-HPV infections and the severity of cervical lesions, with prevalences of 67.2% and 76.7% in CIN1 and CIN2+ parents, respectively.^[@R30]^ Moreover, in a worldwide pooled analysis of 167 ACC patients, the multiple-infection rate was 8.9%, obviously lower than the simple infection prevalence of 91.1% .^[@R11]^ Thus, our data reflected a significant association between multiple hr-HPV infections and the progression of CIN1 to CIN2+ in Chinese women, especially the Han population in Beijing. Multiple hr-HPV infections maybe indeed be associated with the development of cervical lesions, or women with multiple HPV infections may be more susceptible to cervical carcinogenesis, or multiple HPV infections may produce conditions that confer immunological protection against persistent infection.^[@R28]^ In addition, the use of different assays to detect hr-HPV deoxyribonucleic acid (DNA) could also contribute to the diverse prevalence of multiple infections.^[@R31]^ Therefore, further studies of the relationship between multiple hr-HPV infections and the development of cervical lesions or different histological types are warranted.

Our data indicated that for CIN2+ patients infected with multiple hr-HPV genotypes, the combination of HPV16+58 plays a dominant role in all cervical lesion groups, contrary to findings in the Jewish Israeli population^[@R32]^ and in Austrians,^[@R26]^ but in agreement with findings in women in Beijing, China.^[@R23]^ Thus, the results of this study strongly support the key role of HPV16 and 58 in the development of CC and CIN in women in Beijing, China. In addition, in comparisons of the distribution of hr-HPV among pathological grades, co-infection with HPV16+18, similar to co-infection with HPV18, was more prevalent in women with ACC than in those with SCC, consistent with other studies. ^[@R4],[@R5],[@R11],[@R25],[@R27]^ In a large assessment of the prevalence of HPV genotypes, HPV16, 18, and 45 were detected in 443 out of 470 ACC patients from 38 countries worldwide^4^, and Xavier et al found that women with HPV18 had the highest risk of developing ACC compared with women with other hr-HPV types^[@R11]^. Furthermore, the ATHENA human papillomavirus study suggested that HPV18 was useful for identifying adenocarcinoma in situ.^[@R5]^ Thus, although the present study found that both HPV18 and HPV16+18 were the third most common infection or combination of double infections in the ACC group, we should pay close attention to patients with HPV18, given its role in causing ACC and to patients with HPV16 and 58.

Furthermore, we found that the highest hr-HPV positive rate occurred in the youngest patients and that among CIN1 patients, the rate decreased gradually as the age increased. This is similar to Wright TC\'s findings,^[@R5]^ which confirmed that the prevalence of hr-HPV peaked at age 21 to 24 years and decreased with increasing age in cervical lesion patients, especially those with CIN1 and CIN2. Furthermore, in another large population-based study in Denmark, Susanne et al reported that the HPV prevalence peaked in women aged 20 to 24 years and then decreased without a second peak in older women.^[@R10]^ However, several surveys in China \>5 years ago reported that the HPV prevalence was highest in women aged 30 to 34 years and declined thereafter.^[@R19]--[@R20]^ In other studies, the researchers attributed the age-specific pattern to a relatively late age at the first intercourse led by the late marriage and late birth encouraged by a conservative society. It seems that hr-HPV is currently more prevalent in younger patients in China. China\'s rapid industrialization and urbanization over the last 4 decades is associated with an earlier age at first intercourse, a more active sexual life, smoking, and an increase in the number of sexual partners before marriage, which are the leading risk factors for hr-HPV infection and play key roles in the transmission of HPV and may be related to the current prevalence of hr-HPV infection.

In a population-based cohort study, Baandrup et al^[@R33]^ found that the prevalence of HPV16 in CIN2 and CIN3 was the highest among women aged 20 years and then decreased with increasing age to reach its lowest point among women aged 50 years. Similar results were found in this study: HPV16, with the highest prevalence at age ≤24 years in CIN2 patients, ≤24 years in CIN3 patients, 25 to 29 years in SCC patients, and ≤24 years in ACC patients, was more common among younger women; in comparison, HPV58, 52, 18, and 33 were more common in older women with CIN2+ (≥50 years, 45--49 years, 40--44 years, and 40--44 years, respectively). Nubia et al^[@R34]^ also found among CC patients that HPV16 was most prevalent in women aged ≤34 years, whereas both HPV58 and HPV52 were most common in women aged ≥50 years, and HPV18 and 33 had the highest frequency in women aged 35 to 49 years. In another study of HPV type-distribution among CC patients in China, Chen et al^[@R35]^ found that in patients with SCC, the prevalence of HPV16 at age ≤34 years was 85.4%, higher than that among patients aged 35 to 49 years and ≥50 years, whereas HPV18 was more common among patients aged 35 to 49 years and HPV52, 58, and 39 were all more common among patients aged ≥50 years. The age differences in the prevalence of HPV genotypes could reflect the different oncogenicity of different HPV types. For example, the higher prevalence of HPV16 in younger cervical lesion patients may indicate that females whose first intercourse occurs at a young age are susceptible to HPV16 ^[@R36]^ or that HPV16 progresses more quickly to more serious, high-grade precancerous lesions or invasive cervical cancers than other hr-HPV types do.^[@R36],[@R37]^ The possibility that lesions caused by HPV16 are larger than those caused by other hr-HPV types and therefore easier to detect could be another explanation.^[@R33]^ These differences might also reflect a change in the patterns of exposure to HPV infection among young Chinese women compared with older generations.^[@R35]^

There are some limitations in our study. First, we only enrolled Han women in Beijing, China. However, Han is the most common ethnicity in China; it accounts for \>90% of the whole population and is the main ethnicity in Beijing. Moreover, we only included patients with cervical lesions, especially high-grade cervical lesions, because previous studies have reported that not all cervical lesions will progress to cervical cancer. In CIN1 cases, lesions generally regress, and the spontaneous regression rate is ∼60% to 85%, typically within 2 years. However, 40% of CIN2 lesions persist, whereas only ∼33% of CIN3 lesions regress, and 12% to 20% of them progress to cervical cancer.^[@R38],[@R39]^ In contrast, a CIN1 diagnosis is not a significant risk factor for CIN3 beyond the risk attributed to molecular cause and genotype-specific HPV infection.^[@R40]^ In addition, other factors^[@R11],[@R15]^ may be associated with the progression of CIN1 to CC, including the hr-HPV DNA load; age at first intercourse; high parity; smoking; endogenous and exogenous hormonal factors, such as parity, oral contraceptive use, and obesity; and infection with other sexually transmitted infectious agents, such as herpes simplex virus 2; however, these were not included or discussed in our study because HPV infection is the key risk factor in the development of cervical lesions and because no study has analyzed the hr-HPV distribution in the Han population of Beijing, China, based on histopathology results. In addition, we only detected 13 hr-HPV genotypes; others, such as HPV51 and 66, were not included because previous studies demonstrated that the 13 hr-HPV genotypes we included in our study account for \>90% of CIN2+ and CC cases in China.^[@R15]--[@R17],[@R21],[@R22]^ Thus, detection that targets these HPV genotypes may improve cost-effectiveness.

Overall, our study provides updated knowledge related to ongoing research regarding prophylactic vaccines against HPV genotype-specific infections and cervical lesions in China. This study\'s findings will be beneficial for public health programs planning cervical cancer screening using hr-HPV DNA detection kits; specifically, our results suggest that the combined detection of HPV16 and 58 DNA would be more useful than the combined detection of HPV16 and 18 DNA in populations in Beijing, China. In addition, HPV vaccines could address 79.8% of CC and 74.1% of CIN2+ by providing protection against HPV16 and 58, the 2 most common types in patients with CC and CIN2+; these values are much higher than the 72.5% of CC cases and 64% of CIN2+ cases accounted for by HPV16 and 18 in the present study. Furthermore, in terms of cervical cancer prevention via HPV vaccines, the recently developed 9-valent HPV vaccine targeting HPV6, 11, 16, 18, 31, 33, 45, 52, and 58 may be more efficacious for Chinese women, particularly those in Beijing than the bivalent Cervarix^®^ HPV vaccine and the quadrivalent Gardasil^®^ HPV vaccine.
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